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Two groups of Gram-negative, aerobic bacterial strains previously isolated from experimental biofilters were investigated to determine their taxonomic position. Based on their 16S rRNA gene sequences, these isolates formed two distinct groups within the genus Aquamicrobium. The gene sequence similarities of the new isolates to the type strains of Aquamicrobium species were below 98.3 %. The presence of ubiquinone-10, C 18 : 1 cis 11 as the predominant fatty acid and a polar lipid pattern with phosphatidylglycerol, phosphatidylcholine, diphosphatidylglycerol and phosphatidylethanolamine was in accordance with the characteristics of this genus. The results of DNA-DNA hybridization, biochemical tests and chemotaxonomic properties allowed genotypic and phenotypic differentiation of the strains from all recognized species of the genus Aquamicrobium. Therefore, the isolates were assigned to two novel species of this genus for which the names Aquamicrobium ahrensii sp. nov. About 20 years ago, a group of nineteen bacterial strains were isolated from experimental biofilters used for the treatment of waste gas from an animal rendering plant. These isolates were assigned to the class Alphaproteobacteria based on partial 16S rRNA gene sequencing and chemotaxonomic analyses (Ahrens, 1993) . They were divided in two different groups named cluster H and cluster I based on distinct fatty acid profiles and polyamine patterns (Ahrens et al., 1997) . Except for two isolates, all of the strains were isolated on antibiotic sulfonamide sensitivity-test agar (Merck). The experimental biofilters were supplied with the same waste gas in parallel, but contained different support materials. These were sintered glass carriers, porous ceramic carriers, foamed clay and tree bark compost, respectively. The strains belonging to clusters H and I were isolated from all of the support materials. Although taxonomically characterized, the strains were not identified at the species level in previous studies. During the following years, a selected number of representative strains from both clusters were analysed in more detail to clarify their taxonomic position. From cluster H, the strains 885/1, 1006/1 T and 1017/1 were selected. Cluster I was represented by strains 854/1, 856/1 and 905/1 T . Strains 885/1 and 856/1 were isolated from glass carriers. This biofilter was supplemented with a nutrient solution. Strain 1017/1 was isolated from porous ceramic carriers, strain 854/1 from foamed clay and strains 905/1 T and 1006/1 T were isolated from a biofilter filled with tree bark compost.
The phylogenetic position of the six strains was verified by sequencing and analysis of the 16S rRNA gene sequences. Isolation of genomic DNA and sequencing of the 16S rRNA genes were performed as described previously (Herzog et al., 2008) . The sequences were compared to those already deposited in the National Center for Biotechnology Information (NCBI) nucleotide sequence database using the BLAST program (Altschul et al., 1997) . BLAST analyses revealed that the 16S rRNA gene sequences of all six isolates shared the highest similarity with type strains of species from the genus Aquamicrobium. A phylogenetic analysis was performed by using MEGA version 4.0.2 (Tamura et al., 2007) . This phylogenetic reconstruction based on a neighbour-joining analysis confirmed the placement of all six isolates within the genus Aquamicrobium (Fig. 1) The genus Aquamicrobium was defined in 1998 for a thiophene 2-carboxylate-degrading strain isolated from activated sludge (Bambauer et al., 1998) . The type species of the genus is A. defluvii. One year later, a second species of this genus was proposed for two strains capable of degrading phenol and several chlorophenols. These strains were also isolated from activated sludge (Fritsche et al., 1999) . In the original publication, the taxon 'Defluvibacter lusatiae' was proposed for these strains, but this species was later transferred to the genus Aquamicrobium as A. lusatiense (Kämpfer et al., 2009) . At the same time, a third species, Aquamicrobium aerolatum, was proposed for a strain isolated from air collected in a duck shed (Kämpfer et al., 2009) . To date, all members of the genus Aquamicrobium have been isolated from pollutant-loaded environments. For some strains, the degradation of specific pollutants has been analysed in detail (Lechner et al., 1995; Bambauer et al., 1998) . In keeping with the polluted environments of origin of the other members of this genus, the strains described here were isolated from biofilters treated with waste gas from an animal rendering plant. This brief history indicates the importance of the genus Aquamicrobium in contaminated habitats and the potential function of members of this genus in the degradation of pollutants.
Phenotypic analyses of the isolates were performed in parallel with the reference strains A. lusatiense DSM 11099 T and A. defluvii DSM 11603 T . Some tests (Biolog, polar lipid and fatty acid analyses) were also performed for A.
885/1 (AM884144) Aquamicrobium segne
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T . All strains and both reference strains were Gram-negative, and showed positive reactions in the KOHand the aminopeptidase test. All strains were oxidaseand catalase-positive. Physiological reaction profiles were determined with the Biolog Gram Negative tests panel and the API 50 CH panel (bioMérieux) with CHB basal medium according to the manufacturers' instructions. Isolate 905/1 T showed few positive reactions with the Biolog system (see Table S1 in IJSEM Online). Isolate 1006/1 T showed no positive reactions in the Biolog system. Supplementation of the basal medium with 100 mg l 21 yeast extract showed no positive effect on growth for isolate 1006/1 T . Both strains showed no growth with the API system.
The polyamine patterns were taken from previous studies (Ahrens, 1993; Ahrens et al., 1997) . For isolates 885/1 and 1006/1 T , the dominating polyamine was spermidine with minor amounts of putrescine and spermine. For isolate 905/1 T , the major compounds were spermidine and symhomospermidine with minor amounts of putrescine and spermine. For A. lusatiense, spermidine has been reported as the major polyamine (Fritsche et al., 1999) .
Isoprenoid quinones and polar lipids were extracted and analysed using the small-scale integrated procedure of Minnikin et al. (1984) . The quinone type of all of the isolates was identical to those of the reference strains analysed and was identified as ubiquinone Q-10. The polar lipid pattern of strain 905/1 T was identical to those of A. lusatiense DSM 11099 T and A. defluvii DSM 11603 T , consisting of phosphatidylglycerol (PG), phosphatidylcholine (PC), diphosphatidylglycerol (DPG), phosphatidylethanolamine (PE), phosphatidylmonomethylethanolamine (PME) and an amino lipid (AL). Strain 1006/1 T showed the same pattern but without PME (Fig. 2) . This pattern was also found for A. aerolatum Sa14 T . Both patterns are similar to the polar lipids of other species of the family Phyllobacteriaceae (Peix et al., 2005; Doronina et al., 2010; Choma & Komaniecka, 2002) .
Fatty acid profiles were analysed for the isolates and the reference strains using cells grown on trypticase soy agar for 48 h at 30 u C. Saponification with 15 % NaOH in 50 % methanol, acid methylation with 6 M HCl in 50 % methanol, and extraction of fatty acid methyl esters (FAMEs) was performed as described by Sasser (1990) . The FAME extracts were analysed by GC-MS with a GC (7890A; Agilent) equipped with a 5 % phenyl-methylsilicone capillary column and a model 5975C mass selective detector. The chromatographic conditions were as described previously (Lipski & Altendorf, 1997) . The positions of double bonds were verified by analysing the dimethyl-disulfide adducts of the fatty acid methyl esters (Nichols et al., 1986) . The positions of cyclopropane groups and double bonds are given from the carboxyl group of the fatty acid molecule according to the recommendations of the IUPAC-IUB Commission on Biochemical Nomenclature (CBN, 1977) . The fatty acid profiles of all strains showed cis-11-octadecenoeic acid (C 18 : 1 cis 11) as the dominant compound, which is typical for all members of the class Alphaproteobacteria. Isolates 1006/1 T , 885/1 and 1017/1 could be differentiated from all other strains of the genus Aquamicrobium by their lower content of fatty acid C 18 : 1 cis 11 and higher amounts of palmitic acid (C 16 : 0 ) and 11,12-methyleneoctadecanoic (C 19 : 0 cyclo 11-12) acid (Table 1) . Previous studies have reported lower amounts of C 18 : 1 cis 11 but higher amounts of C 19 : 0 cyclo 11-12, probably due to the longer incubation times used in those studies (Ahrens et al., 1997) . Traces of C 12 : 0 3-OH were also reported by Ahrens et al. (1997) , but were not confirmed in the analyses conducted in this study.
The DNA G+C content of the isolates was determined after degradation of isolated genomic DNA by P1 nuclease and alkaline phosphatase. The resulting nucleosides were separated and quantified by HPLC (Mesbah et al., 1989) . Lambda-DNA was used as a reference. The G+C content (mol%) was 60.6 % for isolate 905/1 T , 60.0 % for isolate 856/1, 58.5 % for isolate 885/1, 57.8 % for isolate 1017/1, 58.7 % for isolate 1006/1 T and 62.6 % for 854/1. The DNA G+C content for the reference strains was in a similar range with 61.4 mol% for A. lusatiense DSM 11099 T and 61.7 mol% for A. defluvii DSM 11603
T (Fritsche et al., 1999; Bambauer et al., 1998) .
The 16S rRNA gene sequence similarities between the new isolates and the type strains of this genus were below 98.3 % and indicated that these strains may represent two separate novel species. A statistical analysis by Keswani & Whitman (2001) predicted a DNA-DNA hybridization value of less than 70 % from a sequence similarity of 98.6 % with a high level of confidence (99 %). A DNA-DNA hybridization value of 70 % is accepted as the threshold level for the delineation of species (Wayne et al., 1987) . To test this prediction, DNA-DNA hybridization experiments were performed with genomic DNA from the new isolates and DNA from the most closely related type strains A. lusatiense DSM 11099 T and A. defluvii DSM 11603 T . The method described by Ziemke et al. (1998) showed a hybridization value of 16 % (reciprocal 26 %), which revealed the separation of these isolates as two different species.
Therefore, two novel species are proposed for the isolates of cluster H and I with strains 1006/1 T and 905/1 T as the designated type strains. The characteristics of cluster H and I that allow them to be differentiated from the three recognized species of the genus Aquamicrobium are given in Table 2 .
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On: Thu, 03 Jan 2019 05:04:40 and A. aerolatum Sa14 T (e). PG, phosphatidylglycerol; PC, phosphatidylcholine; DPG, diphosphatidylglycerol; PE, phosphatidylethanolamine; PME, phosphatidylmonomethylethanolamine; AL, amino lipid. Table 1 . Fatty acid profiles (%) of isolates and reference strains grouped according to the phylogenetic reconstruction presented in Fig. 1 Empty cells indicate that the fatty acid was not detected.
Fatty acid
A. ahrensii sp. nov.
A. segne sp. nov. The original description of the genus Aquamicrobium given by Bambauer et al. (1998) included only the type species, A. defluvii. The description of this type species was based on the characterization of one strain. Since the number of species and the biochemical and chemotaxonomical data for strains of this genus has increased considerably since that time, an emended description of the genus Aquamicrobium is also presented.
Emended description of the genus Aquamicrobium Bambauer et al. 1998
Aquamicrobium (A.qua.mi.cro9bi.um. L. n. aqua water; L. n. microbium a microbe; Aquamicrobium a bacterium living in water/wastewater).
The following description is based on the original description of Bambauer et al. (1998) . Gram-negative, non-sporeforming, pleomorphic or regularly formed short rods. Mesophilic. Optimum pH for growth is pH 6-9. Tolerant to NaCl up to 7 % (w/v). The quinone type is ubiquinone-10, the major fatty acid is cis-11-octadecenoic acid. Spermidine is the major polyamine. The polar lipid pattern is dominated by phosphatidylglycerol, phosphatidylcholine and phosphatidylethanolamine. The G+C content of DNA is 57-65 mol%. Carbon sources utilized include sugars, carbonic acids, amino acids and alcohols. The type species is Aquamicrobium defluvii. The genus is a member of the family Phyllobacteriaceae within the class Alphaproteobacteria.
Description of Aquamicrobium ahrensii sp. nov. (Ahrens et al., 1997; Kämpfer et al., 2009; Fritsche et al., 1999; Lechner et al., 1995; Bambauer et al., 1998) . Only those characteristics that are consistent for all reports are listed. +, Positive; 2, negative; ND, not determined.
Characteristic 1 2 3 4 5
Number of ninhydrin-positive polar lipids 3 2 3 3 2 Octadecanoic acid .5 % 2 + 2 2 2 11-Methyl, cis-11-octadecenoic acid .3 % 2 2 2 2 + DNA G+C mol% .59 + 2 + + ND Assimilation of (based on the Biolog system) N-Acetyl-D-galactosamine, adonitol, a-ketoglutaric acid, L-ornithine 2 2 + 2 2 D-Arabitol, D-mannitol, a-ketobutyric acid 2 2 2 + 2 Monomethyl succinate, succinamic acid, thymidine, inosine, uridine 2 2 2 2 + Succinic acid 
